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By Vernard E. Lockwood and Bernard J. Smith
SUMMARY

Wind~tunnel tests were made of a 1/25-scale model of the
 Martin JRM-1 airplane to determine:

. (1) The longitudinal stability and control cheracteristics
. of the JRM-1 model near the water and lateral and directional
stability charactaeristics with power while moving on the surface
- of the water, the latter being useful for the design of tlp floatis

. (2) The stebility and stalling characteristics of the wing
with a modified airfoil contour

(3) Stability characteristics of & hull -of larger design
gross welght

The test results indlcated that the elevator was pewerful
. ;enough to trim the original model in a landing configuration at
.. any 1lift coefficient within the specified range of centers of agravity.

The grouniéboard teste for evaluating the aerodynamic forces
and moments on an airplans in-a simulated crcss wind indicate a
high dihedral effect in the presence of the ground board and,
- consequently, during low-gpeed taxying asnd take—off, largs over—
“turning moments would result which would have t0 be overcome by
the tip floats.
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Tests of the modified wing indicated that changing the airfoil
contour of the outer wing panel (from an NACA 230 series to an
NACA Lk series at the tip) did not materially change the longitudinal-
stability characteristics from that of the original wing. The
stalling characteristics, however, were improved by the modifi-
cation by giving a gradual stall over the wing which resulted in
& flat—top 1ift curve.

Langley tank model 180 hull in combination with the modified
outer wing panels gave approximately the same longitudinal stability
as the original JRM~1l hull with the same wing and tail comblnation;
however, slightly more effective dihedral and direcilonal stability
were evident for the large hull.

INTRODUCTION

At the request of the Bureau of-Aeronautica, Navy Department,
wind-tunnel tests were made to investlgate the aercdynamic charac-
teristics of a 1/25-scale powered model of the Martin JRM-1l airplane.
Results of & preliminary investigation of the original model have
been presented in reference 1, while the resulte of investligations
of the model equipped with & 1/25-scale XPB2M-1R taill assembly and
with various modifications of the JRM~1l tail assembly have been
given in references 2 and 3, respectively. ' .

" The present paper Includes the results of. en investigation of
the original model with a ground board In place and an investlgation
of the model with modified outer wing panels. The latter investigation
congists of a series of tests with the JRM-1 hull which was designed
for 145,000 pounds and & second-series of teste with a hull designed
by the Hydrodynamics Division of the Langley Laboratory for a
contemplated 165,000-—pound version of the JRM~1 (Langley tank
model 180).

. .The ground-board investigetion included conventional landing
tegts with the model mounted above the ground board with Just enough
clearance to reach the angle of attack for stall and tests with the
model mounted in the ground board to simulate water taxying conditions.
The latter tests were designed to provide general information
necessary for evaluating the aerodynamic forces and moments with a
crogs wind at low speeds dquring the take--off, and the righting

moments required of tip floats during low-speed taxying. - -

The investigation of the modified outer wing panel, which was
designed to improve the stalling characteristics of the wing, con—
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sisted of tuft studies and force tests to determine stalling
characteristice. The effect of the wing modification on the
longitudinal and lateral stability of the model was also deter—
mined.

Tests with the model 180 hull were a duplication of the
power—off part of the longitudinal- and lateral—steblliby tests
with the JREM—1 hull mentioned above, and were made to find the
effect of ths change in hull contour on the asrodynamlc charac—
teristics of the model. No power—on tests were made with the
model 180 hull. '

. COEFFICIENTS AND SYMBOLS

The results of the tests are presented as standard NACA
coefflicients of forces and momenits. Rolling—, yawing-~, and
pltching-moment coefficients are gilven about the center—of-gravity
locatlion shown in figure 1. The data are referred to ths staebility
axes,.which are a system of axes having their origin at the center
of gravity and in which the Z—axis 1s in the plane of symmetry and
perpendicular to the relative wind, the X-axis 1s in the plane of
symmetry and perpendicular to the Z—exis, and the Y-axls is perpen—
dicular to the plane of symmetry. The positive directions.of the
stabllity axes, of angular displacements of the alrplane and control
surfaces, and of hinge mcments ers shown in figure 2. '

The coefficient.s and symbols are defined as follcws

CL 11f% coefficient (Lift/q_s)

Cx longitudinal~force coefficient (X/q3)

Cy lateral-force coefficient (Y/gS)

Cy - rolling-moment coefficient (L/qS'b)

Cm pltching-moment coefficient (M/qSc')

Cn yawirfg-mcment coefficient (X/qSb)

Ch . hinge-mament coefficient (H/qb'c<)

Teo! effective thiust coefficient bz.ased. on wing area (Thrust/qS)

nD/v propeller diameter—advance ratio
Lift = -2 ‘
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forces along axes, poundq

moments about axes, pound-feet

hinge moment of control surface, pound-foet

propeller effecti&e_thrust, {total for four engines), pounds
free—-stream dynaqic pressure, pounds per' square foot’ (¢V2/2)
effoctive dynamic. pressure at tall, pounds per square foot
wing area of model (5.90 sq £t)

horizontal~taill afea'of model (1.315 eq ft)

airfoll ssction chord, feet

wing mean aerodynamic chord (M.A.C.), (0.830 ft)

root—mean—squére cﬁord of a control surfadé back of hinge
" line, feet— ST .

wing span of model (8.00 £t)

- control-surface span glong hinge line, feetl

air velocity, feet per second
propeller dilameter (0.667 f£&)

propeller speed, revolutions per second

mage density of ailr, slugs per cubic footb
angle of attack of hull base line, degrees
angle of roll, degrees

angle of yaw, degrees

average downwash angle at the tail, dgsrees
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iy angle of stabilizer with respect to hull base lins, degrees,
positlive when trailing edge 1a down '

& control-surface deflection, degrees

B propeller blade angle at 0.75 radius, degrees

By wheel force, pounds

np neutrel-point location, percent wing measn aerodynamic chord
(center—of—gravity location for neutral stebllity in
trimmed flight)

c.g.  cemter of gravity

R.N. Reynolds number

Subscriptse: )

e elevator ' -

b flap

t horizontal tail

¥ denotes partial darivatives of a coefficient with respect to

yaw (example' Czq’, BCI/B\F

MODEL AND APPARATUS

-

‘The Martin JRM—J_ airplane is a four—englne personnel and cargo—
transport flying boat of 145,000-poiind-design gross weight having

e maximum of 9000 brake horsepower gveilable for take—off. Speci-
fications of this airplane.are. given in tebles I and - II. The
permisgsible limits for the. center—of—-gravity travel (flg. 3) were
obtained from reference i, 'I'h.e alrplane loading within these limits
is not specified.. ’

4 three-view drawing of the model as originally received from
the Glenn L. Martin Company is presented in figure 1. A drawing of
“the model.mounted above the ground board for the conventional landing
tests and a photograph of the model set in the ground board for
‘gimulated on—the-water tests are presented in figures k and 5,

" Yespectively. The ground board, which was specially constructed for
this investigation, had & bullt—in turntable designed to rotate with
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the model. A rectangular section, -large enough to accoammodate
the hull, was cut out of the turntable to permit the ground

board to be raised around the model to simulate various drafts

of the hull corresponding to epecified loamding conditions. The
center of the turnteble was located directly below the normal ]
center of gravity of the model and the two were rotated as a unit
when the model was yswed through the desired range. The hull
contour at the water line (top surface of ground board) was
approximated by attaching cerdboard to the turntable. (See fig. 5.)
The draft was measured from the ‘point of the step up to the water
line (top surface of ground board).

For the investigation with the modified outer wing penels,
the original wing which had an airfoil section which varied from
an NACA 23020 at the root to an NACA 23012 at the theoretical tip
(48~inch station) was cut off at a point 21 inches from the center
line of the model (fig. 6), and the outer panel replaced by one
which varied from the NACA 23018.65 section at the 21-inch station
to an NACA L413.35 section at the 45.61-inch station. The inter—
medlate sections were determined by connecting c¢orresponding chord-
wise stations of the cut section {2l-inch station) and the 45.61-inch
stetion by straight lines. The tipe were made to conform to the
plan form of the original tips. The new cuter psnels were given
goometric twist of 2 7° so that the wing would have no aerodynemic
twist.,

Langley tank model 180 designed by the Hydrodynamic Divislon
of the Langley Laboratory represents a hull for a large long-range
trangport seaplane having a design gross welght of 165,000 pounds.
A comparison of the JRM~l hull and model 180 showing their relative
disposition about the normal center of gravity is given in figure 7.
Model 180 shows close adherence to the form of a streamline body
~end at the time was desligned to incorporate the latest improvements
in hydrodynamic characteristics. .Although the over-all length is

greater, the length~beam ratio of. hull 180 is 5.9 as compared with
" 6.68 for the JRM~l. Model 180 has a 30° ves step instead of the
transverse step. The tail pylon of the model 180 is considerebly
thinner thdn previocusly designed hulls such-as the JEM-1 and the
aerodynamic efficlency of the vertical tall is thereby increased.
The details of the design of model 180 are given in reference 5.

Although the propellers on ‘the_ailrplane are three bladed, the
model was equipped with S-inch-diameter (dpproximate scale .dlameter)
four-blade propellers consisting of two ldehtical two-blade waocden
propellers mounted in tandem and rotated 90° with respect to each
other. (See fig. 5.) The propellers used in the ground-board
investigation had blade angles of 30.2° and 32.5° &b 0.75 Yadius
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and were powered by & 20--horssepower electric motor. The propellers
used in the modified wing investigation had blade angles of 17.6°
and 23,0° at 0.75 radius and were powered by four individual
5-horsepower motors, one motor being mounted in each nacells. The
speed of the motors was determined by an elsctric tachcmeter whose
error is within I0.2 percent.

TESTS AKD RESULTS

Test Conditlons

The test conditions for the various model configuratione are
given 1n the following table;

: Q v Test Effective
Model configuration | iy /5 £4)} (mph approx.)| R.K. R.N.
Landing teste 16.37 80 6.20 x105|1.00 x 106
original model
On--the-water {ests 1.03 20 1.55 25
original model 2.30 30 2.33 37
. 16.37 80 6.20 1.00
Modified wing k.09 4o 3.10 .50
JRM-1 hull 16.37 | 80 6.20 1.00
Modified wing L.09 ] 4o 3.10 .50
hull 180 16.37 80 6.20 1.00

The test Reynolds number is based.on the wing mean aerodynemic
chord of 0.830 foot. The effective Reynolds number (for maximum
11ft coefficlents) is based on the turbulence factor of 1.6 for
this tumnel.

Correctiohs

The data obtained with the ground board in place were not
corrected for tares caused by the model support strut because of
the impraeticability of obtaining tares. Jet—boundary corrections
were not applied because they have been shown to be negligibls for
the ground-boerd test installation. All other data have been
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corrected for tares caused by the model support strut,and Jet—
boundary correctlons have been applied to the angles of attack,
the longitudinal-force coefficlents, and the tail-on pltching-
moment coefficlent. The corrections were computed as follows
by the use of reference 6:

Ao = 0.62601"

ACx = -0.0098¢,2

ACy = ~4.860, (L -~ 0.115 a
as/e it

vhere Ac 18 1In degrees. All Jet—houndary corrections were added
to the test data. )

For the on-the-water ground-board tests (model set in the
ground board) where the model was rolled as well as yawed and .
pitched, no correctionse werse applied to the data for the increased
angle of roll due to deflection of the support strut under load..

It is belleved that this would not exceed 1/3C for the largest
rolling mament encountered in the tests. The angle of Poll given
in the data is the angle at zero yaw.

Test Procedure

Propeller calibrations were made by measuring the longitudinal
force of the model with flape retracted and taill off at an angle
of attack of ~5.5° (angle at which thrust line is level) for a
range of propeller gpeeds. Thrust coefficients were determined
from the relation

Tc! = CX(propeliers operating) — CX(propellers removed)

The results of the model propeller calibretions are presented in
figure 8.

The variation of thrust coefficient with lift coefficlent for
two power conditions, 4 and B, is shown in figure 9. Power A
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and power B represen'b the full-scale thrust copditions for an
airplane welght of 145,000 and 90,000 pounds, respectively, at

a - take—~off brake horsepower of 9000. The thrust coefflicients
of the airplane were reproduced during power-on tests by using
Pigures 8 and 9 to match the propeller speed and 1lift coefficient
of the model.

Static longitudinal stability and control of the model near
the ground were determined fram the conventional landing tests
made throughout the angle-—of-attack range at verious stebillizer
and elevator settings with flaps deflected 4OC and the propellers
operating at zero thrust. To determine the aerodynamic forces
and moments assoclated with an airplsne in & cross wind on the
weater, yaw tests were made with the model pitched and rollied to
various attitudes which the ailrplane might assumse while taxying
or taking off. The tests were made at various thrust coefficients
to correspond to certalin desived velocities and thrust on the
full-scale airplanes. Theass thrust coefficlents, corresponding

to 'bhe full-scale conditlons, are gilven in the following table:

-
Thrust conditlon (fps) It

Maximm, ho | %.500

Maximm 60 } 1.765
Maximon 90 <753

1/4 paximm .110 119

' Meximum | 120 |- .397

At each angle of attack for the power—on yaw teste the
propeller speeds were held constant throughout the yaw range
approximating a constant power output.

Propsllers of. large pitch were used in the model tests to
secure the high thrust oconditions that were regquested which
necessiteted deviation fram the airplane torque conditions. .
It is estimated that the torque coefficients developed by the
model propellers were about ‘twice the values for the airplene
propellers. _

Static longitudinal—stability characteristice of the model
with the modified outer wing panels were determined fram pitch
tests for varioua power conditions and flap configurations.
Lateral-stability derivatives were cbtained from plitch tests at
angles of yaw of £5° by assuming linear characteristics over
this small yaw range.
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Presentation of Data

The results of the tests are presented in figures 10 to 38
which are grouped as indicated in the following outline:

Datea Pigure

Ground—board tests (original model)

Longitudinal stabllity and control in landing

1. Steblilizer and elevator data 10 to
2. Neutral points, downwash, g ratios, and
elevator trim positions 12 o

Cross-wind characteristics during landing,
taxying, end take—off manesuvers
1. Leanding, negabtive draft (¥ = £30°,

draft = -0.96 in.) 15 %o
2. Texylng and take-offs (v = _3o°,

draft = -0.96 in.) : : 17 to
3. Taxying and take—offs (¥ = 0° to 90°,

draft = 1.80 in.) 19 to

Modified outer-wing panels (original hull)

A.

Longitudinal stabillity
1. Stabilizer effectiveness (various power
conditions) 21 to
2. Neutral points, downwash, q ratios
Stalling characteristics. L
1. Tuft studies (sketches and photographs
showing effect of windmilling propellers
and power on stall progression) 24 to
2. Force tests . 28 to
Laterael stabllity

1. Stabilliity derivatives 30 to

2. Effect of tail @ = £30°)

Hull model 180 with modifiled outer wing panels

A.

B.

Longitudinal stability

1. Stablliger effectiveness 33 to
2. ©Neutral points

~Lateral and directiomal stability

1. Stebility derivatives 36 to
2. Effect of taill (¥ = £30°)

11
1

16

18

20

22
23

27
=)

31
32

3k

35

37
38

<
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DISCUSSION

Original Model (Ground-Board Tests)

Longitudinal stabllity and conirol in landing.—- The data of
figures 10 and 11, respectively, have been used to make an
evaluation of the longitudinal stabllity and control character—
istics of ths JRM-1 airplane in 2 landing configuration clear
of the water (&¢ = 40P, To' = O with the ground board in place
simulating the presence of water).

The stick—fixed neutral points are presented in figure 12 and
are compared with those obtained without the ground board (fig. 18,
reference 1). The neutrasl polnts were calculated by the graphical
method given In reference 7.

The neutral points show greater stability with the ground
board in place than without 1t as would he expected. This shift
of neutral point varies from 2-percent mean asrodynamic chord
at low 1ift coefficients to T-percent at high 1ift coefficients.
The downwash and dynamic-pressure ratios for the test condition
are glven in figure 13 along with date without the ground board,
taken from reference 1. As would be expected, the rate of change
of downwash with angle of attack d¢/da 1is less with the ground
board 1n place than without the ground board, which explains to a
large degree the greater stability of the modsel with the ground
board in pleace.

The elevator—control charscteristics are presented In
figures 12 and 14. The elevator appears to be powerful enough
to trim thé model throughout the range of 1ift coefficlents and
speciflied range of centers .of gravity shown in flgure 12. Fig-
ure 14 shows the estimated elevator deflectlion required for trim
and the corresponding wheel forces for the normal center of gravity.
The elevator wheel forces were calculated agsuming zero tab

‘deflection, an elevator linkage factor of 0.433, and an elevator

boost ratic of O. 825.

Lateral stability during taxying, take—off, and lending.—

‘Figures 15 and 16 show the characteristics of. the model In &

landing or take—off attltude clear of the water as is noted by
the negative draft. Figures 17 to 20 show the characteristics
of the model during taxying and take-offe on the water at various
attitudes of pitch, roll, yaw, and draft.

A
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The effective dihedral of the model in the presence of the
ground board is considerably larger than when the model 1s not
in the presence of the ground board. For example, without the
ground boerd Cj = 0.0004 (fig. 27, reference 1) whereas with

the ground boerd in place (fig. 15) Cay = 0.0016 at € = 0.92.

The dihedral effect becomes even greater with the model rolled
and the hull set within the ground board resuliing in large
overturning moments which will have 1o be equalized by the floats.
(See figs. 19 and 20.) The maximm values of these rolling or
overturning moments (C3® 0.23) were obtained with the highest
thrust coefficient between angles of yaw of 50° and 70°. (See
fig. 19(a).) The maximum values of the rolling-moment coef—
ficlents are probably slightly smaller than would have bheen
obteined had the airplane torque coefficlent been simulated. An
indicetion of the model torque coefficlent is given by the value
of Cp atV¥ = 0° (figs. 17 to 20) which ie about half the torque
of the propeller, the remainder being accounted for by the
nullifying effect of wing interference.

The yawing-moment-coefficient curves indicate that the model
generally possesses directional stabillity to about 200 yaw and
restoring moments to 90° yaw. The decline of the yawing moments
at angles of yaw greater than 20° is probably due to stall over
the vertical tail. The thrust, however, introduces considerable
variation in the magnitude of the yawing muments, especially at
the larger thrust coefficients. o

Original Hull with Modifled Quter Wing Panels

Longitudinal stability.— The neutral points (coamputed from
‘the d&té presented in Tigs. 21 and 22) for the modsl with the
modified outer wing panels ars campared with those of the original
model (reference 1) in figure 23. The camparigon indicates that
the longitudinal stability of the model with the modified outer
ving panelas is approximately the same asg the original model for
most power and flap conditlans. Both models show a considerable
margin of instability for the rearmost center of gravity. For
one condition, power B, B¢ = 00, the original model shows &
smaller margin of etablillty at high 1ift coefflcients than the
modified wing model, but the difference may be the result of
falring of the curves and emall inaccuracies that o¢eurred in
~ the original model data : :

Stalling characteristics.— The stalliﬁg characteristics of
the model were determined by photographs of the tufted wing.
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Sketches were made from tuft photographs for the propeller-off
-condition, and a comparison with the original wing (reference 1)
is shown in figures 24 and 25. The results of the stall studles
of the modiflied wing with windmilling propellers are alsc shown
in figures 24k and 25. Photographs of the tufted model with the
application of power. A are given in figures 26 and 27.

A comparison of the tuft studies (propellers off, flaps up,
fig. 24) of the new wing with those of the originsl wing show
that the flow is essentially the same up to an angle of attack
of about 11°. In both cases, separation starts near the trailing
edge of the wing between the engine nacellses at an angle of attack
of about 4° and gradually spreads outward end Porward. Increasing
the angle of attack beyond 11° causes ths tips on the origimal
wing to stall suddenly, while, with the modified outer panels, the
stall continues to spread graduaslly outward untll the outermost
tips finally stell at an angle of attack of about 17°. With the
flaps deflected 40° (fig. 25), the stall progression appesars Lo
be quite similar to the case with undeflected flap. The original
wing stalls completely at an engle of attack ‘of about 119, while
the modified wing meintains 1ift at the tips, even at 13°.

A camparison of the tuft studies with power om (figs. 26 and 27)
with those of figures 45 and 46 (reference 1) shows stalling
characteristics similar to those noted above for the power—off
condition. Separation is delaysd by the new outer panels, and
the stalling angle 1s consequently incressed wlth the tips main-
taining 1ift up to the highest angle of attack tested which results
in a flat-top 1ift curve. This results in a higher maximm value
of .C;, (figs. 28 and 29) and probably an improvement in.alleron
effectliveness.

It is interesting to note how the propeller robation influences
the stall behind the nacelles. At a large angls of attack
(e = 12.4°, £ig. 27) the stall has progressed to a point on the
trailling edge inside of the left outboard nacelle whille .on the
right slde of the wing the stalled area along’'the trailing edge
has only reached the point where the new panel ls attached.

Lateral stablility.— The'effect of power, 1lift coefficlent, and
flaps on the lateral-stabilitx parameters ls shown in figures 30
and 31.

With the modified wing panels the model generally possessed
less positive dihedral effect than the original model (reference 1).
However, one condition (power A, 8¢ = 00) indicates the opposite:
more dihedral effect with the modifled wing then with the original
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wing. The difference in effective dihedral is as much as 2° with
flaps up, and 5C with flaps extended. :

Hull Model 180 with Modified Outer Wing Panels

Longitudinal stability.— A comparison of the neutral polnts
of hull 180 with those of the JRM-l null (fig. 35), indicates
that the longitudinal stability of the hulls is approximately the
same throughout most of the 1ift range. The difference in neutral-—
point position near maximum 1ift 4is within the accuracy of the
method employed in determining the neutral points.

Lateral and directional gtability.—~ The lateral-stablility
parameters for hull 180 and the JRM~1 hull are campered in figures 36
end 37 for the windmilling condition. Hull 180 shows slightly
more directional astability and greater effective dihedral throughout
the 11ft range than the JRM-l model for both flap configurations.

The greater directlional stability is probably the result of model
180 having a thinner tail pylon which would increase the aerodynamic
efflciency of the whole surface.

The tail—on and tail—off characteristics of null 180 at lerge
engles of yaw are shown in figure 38 for the flaps-up configuration.

" CONCLUSIONS

Results of wind-tunnel tests of the 1/25-scale model of the
Martin JRM—1 airplane with the ground board in place, with the
modified outer wing panels, and with & hull of different design
(Lengley tank model 180) indicated the following conclusions:

1. With the ground board in place, simulating a landing
attitude, the elevator of the original model appeared to be powerful
enough to trim the model at any 1ift coefficlent within the specified
range of center of gravity.

2. The ground-board tests for eveluating aerodynamic forces
and momente on an ailrplane -involved In a cross wind during taxying
at low speed during the take—off showed that the model had high .
dihedral effect and poseessed large overturning moments which would
have to be corrected by the tip flosts. Considerable. variations in
the magnitude of the yawing moments also existed as a result of the
high thruat coeffiiclent.
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3. Changing the airfoil contour of the outer wing panel
(fram an NACA 230 series to an NACA 4b series at the tip) did
not materially change the longitudinal-stability characteristics.
The stalling characteristics were improved by obtaeining a gradual
stall ovér the wing which resulted in a flet-top 1lift curve.

For most power and flap conditions tested, the modified outer
wing panels generally gave less dihedral effect than the original
wing.

L. Langley tank model 180 hull in cambination with the
modified outer wing panels gave approximately the seme longitudinal
stability as the JAM-1 hull, with the same wing and tail combil-
nation; however, slightly more effective dihedral and directional
stability were evident for hull 180.
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TABLE I
PHYSTCAL CHARACTERISTICS COF THE MARTIN JRM-l ATRFPLARE
Type . . . ... Persomnel and cargo transport (flying boat)

Engines (four):
Manufacturer's designation . . . . . . « « « « » R-3350-8
Ratings:
2000 bhp at 2400 rpm at sea level
Normal power . . . .

180C bhp at 2400 rpm at 13,600 £t

Take-off powsr . . . . 2250 vhp at 2600 rpm at sea level

Propeller'gear = % X+ SO 1 T
Propsller:
TYDE « + « « v + « ¢ o o o o« o v v + o « « « Curtiss 1016
Diametor, £H . « + v v v 4t e e e e e e .. e s . . 16.5
Blade de8igll . + 4 « ¢ 4 ¢ 4 4 4 v 4« .+ o . 1016-1Ch-18
Number of Dilades . . . ¢ & ¢ ¢« + ¢ ¢ ¢ « « o« o« » s« « « « 3
Activity factor . . & ¢ ¢ ¢ 4t v 4 vt e e e e s . . 91,0

Side~force factor . . v . « v 4« s+ 4 s e e s - . . T6S

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE 1II

ATRPLANE WING AND TAIL~SURFACE DATA

Horizontal }Vertical F
Wing tail tail

Area, sq ft 3686.0 8a22.4 r 373.6
Span, Tt 200.00 61.67 23.33
Aspect ratio 10.85 k.58 1.k6
Taper ratio 0.254 0.643 0.530
Dihedral, deg &n bg .o -——
Sweepback, leasding

edge, deg 3.68 8.05 11.65
Root section NACA NACA RACA

23020 0015-63| 0009-63
Tip section NACA RNACA NACA
23012 0008-63f 0009-63

Angle of incidence at

root, deg ' 5.5 3.0 | emme-
Angle of incidence at

tip, deg 5.5 3.0 e
Mean aerodynsmic chord, ft- 20.7h4 k.04 17.22
Root chord, £t 29.50 16.72 21.60
Theoretical tip chord, £t 7.50 10.76 11.46

8pihedral measured on upper surface.
bDihedral measured on chord lins.

NATYONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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FIGUEE LEGENDS

Figure l.— -él-é--sca.le model of the Martin JRM-1 airplane.

Figure 2.—~ System of axes snd control-—surface hinge moments and
deflections, Positive values of forces, maments, and angles
are indicated by arrows. Posltive values of tab hinge moments
and. deflections are in the seme dlrections as the positive
values for the control surfaces to which the tabs are atitached.

Figure 3.— JRM-1 center—of—gravity location on mean asrodynamic
" oghord.
Figure 4.—~ Positlon of the 1 —scale model of Martin JRM-1 airplane
and the ground bosrd in the wind tumnel, o = 0°.

Fgure 5.~ The -23'5-— soale model of Martin JRM-l alrplane set in the

ground board for on~the-wabter tests. Draft = 1.8 inches,
¢ = 3°J Bf = 200; o = 5!90l

Figure 6.— Geometry of modifled outer wing panels for -élg—scale
model of Martin JRM-1 airplane. (Spanwlse stations refer to
distance from model centerline., All dimensions in inches.)

Figure T.— Comparison of hull lines of original JRM-1 mode
(145,000 1b) and Iangley Tank model 180 (165,000 1b). 7 —scals,
(Dimensions in inches)

Figure 8. Variation of thrust coefficlent with propeller diemeter—
advance ratio of S8-inch-dismeber four-blade propellsrs on

-215--scale model of Martin JRM-1 sirplane. o = -5.5°.

Figure 9.=- Thrust coefficlent avallable at any 1ift coeff.{cieﬁt for
the Martin JRM-1l airplane. Total take—off power 9000 BHP,

Figure 10.—~ The effect of the stabllizer on the aerodynsmic charsg—
teristios in pitch of the L —goale model of Martin JEM-1 airplane.
Ground board in place. @ = 0%, Ty' =0, ¢ = 16,37 1b per sg £t,
B = 30.2% 8¢ k0%, (Draft) g0 = 2.1 in.



2 NACA RM No. L7H20
FIGURE TEGENDS,— Continued

Tigure ll.— The effect of elevator deflsotion on the asrodynamlc
characteristics of the él--saa.le model of Martin JRM-1 alrplans.-

Ground. board in place, § = 0%, Te' =0, q = 16,37 1b per sq ft,
B = 30,29, Bp = 409,. 1 = 3°, (Draft)yoo % -2.1 in.
Figurelll.- Continued.
" Figure 1l.- Conoluded.

Figure l2,~ Elevator~fixed neutral polnts and trim ranges for

-é}—é-—soale model of Martin JRM-l airplane, Ground board in plage,

1y = 3.0°% By = 409, T,' = 0, Vertical location of-c.g. at
29.8-percent M.A.C,

Figure 13.- The effect of the ground board on the dynamlc pressure
ratios and dowrmwash at the teil of -21;3- ~goele model of the Martin

JRM-1 airplane, &p = ho°.

Figure 1lh.— Estimated elevator angle and wheel force regquired for
trim for the Martin JRM-1 airplane., Istimate made from model
tests with ground board in place (fig. 11).

Figure 15.~ Effect of angle of attack on the asrodynemic charac—
teristics in yaw of —2%—80&13 model of Martin JRM-1 alrplane.

Draft = =0.96 in., @ =0° To' = 0,119, q = 16,37 1b per sq f%.
B = 30.2°%, 8p = 0°.

Flgure 15.— Concluded.

Flgure 16.~ Effect of angle of attack on the serodynamic characteristics
in yaw of -g-s—soale nodel of Mertin JRM—1 alrplane.

Draft = —0.96 in., ¢ =0°, T,' =0,119, q = 16.37 lb per sq £t,
B =30.2% 8, =55°

Figure 16.~ Concluded.

Flgore 17.- Effect of thrust on the serodynamic characteristlcs in
yaw of -g’g—scale model of Martin JRM-1 sirplane, Draft = 0.96 in,

§ =5.0° q =230 1b per sq £, B =325, Bp = 0%
(2) « = 1.9°
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FIGURE IEGENDS.-— Continued

Figure 1T7.- Continued.
{a) Concluded.

Figure 17.~ Continued.
(3) « =5.9°,

Figure 17.~ Continued.
(v) Concluded.

Figure 17.~ Continued.
('c) o = T.9°,

Figure 17.— Concluded.
(c) Concluded.

Figure 18.— Effect of thrust on the asrodynasmic characteristics in
yaxw of —éls--—sca,le model of Martin JRM-1 airplane, Draft = 0.96 in,

g =5.0°% g =2.30 1b per sq £5, B = 32.5° &, = 20°,

() o« = 1.9°

Figure 18.— Continued.
(s} Concluded.

Figure 18.— Contimusd.
(b) @ = 5.9°,

Fignre 18.~ Continued,
(b} Conclunded.

Filgure 18.~ Contimued.,
{¢) @ = 7.9°.
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FIGURE LEGENDS .- Continued

Figure 18.- Concluded.
(c) Concluded..
Figure 19.—~ Effect of thrust on the asercdynamle characteristices

in yaw of -él-é--soale model of Mertin JRM-Ll sirplene, Draft = 1.8 in,

$ =3.0% B =325% & =0°%
(a) a = 1.9°
Figure 19.~ Continued. |
(2} Concluded.
Figure 19.—~ Continued.
() o =5.9°
Figure 19.~ Concluded.
(b) Concluded,

'Figu.re 20, Effect of thrust on the asyodynanioc charscteristlios in
yaw of é%—-soale model  of Martin JRM-1 airplene, Dreft = 1.8 in.,

$ =3.0% B =32.5% B8 =20

(a) a = 1.9°
Figure 20.— Continued.

(2) Concluded.
Figure 20.- Continued,

(v) « = 5.9°
Figure 20.~ Conoluded.

{b) Concluded.
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FIGURE LEGENDS.— Contimed

Figure 2.~ The effect of the stablilizer on the serodynamlo

charaoteristlies in pliteh of the —21;5-- scale model of the Martin

JRM-1 airplane. Modified outer wing panels. ¢ = L.09 Ib/sq f%,
Bp =
{a) Power A.
Figure 2.~ Continued.
() Powor B.
Flgure 21l.— Concluded.
(c) Windmilling.

Figure 22.—~ The effect of the stebllizer on the aerodynamic
characteristios in pitoh of the -é%—sca.le model of the Martin

JRM-1 hgirplane Modified outer wing penels, ¢ = 4,09 1b/sq ft,
Bf . .

{a) Power A,
Flgure 22.— Continued,
(b) Power B.
Flgure 22.— Concluded.
(c) Windmilling.
Figure 23.~ Neutral—point variation with 1ift coefficlent for
A geale model of Martin JRE-1 airplane.
25
)
Figure 23.— Concluded.
o
Figure 2h.— Interpretation of air flow over wing of Ejé-—scala model

of Martin JEM-1 airplane from tuft photogrephs of the originsl
wing (ref 1) and modified outer wing panel. g = 16.37 1b per sq ft,
B, = 0

f | ]
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FIGURE LEGENDS.— Continued -

Figure 2h.- Continued.
Figure 2h,— Concluded.

Figure 25.- Interpretation of air flow over wing of é%-scale model
of Martin JEM-1 airplane from tuft photographs of the ordginal
wing (ref. 1) and modified outer wing panel, q = 16.37 1b per sg Tt,
8p = 40°,
Flgure 25.— Conoluded.
Flgure 26.- Tuft studies of }zgusca.le model of the Martin JRM-1
airplane with modified outer wing panels. Power A, e = 0°.
Flgure 26.— Continued.
Figure 26,~ Continued.
Figure 26.- Concluded.
Figure 27.~ Tuft studies of %—scale model of the Martin JRM-L
alrplane with modified outer wing panels. Power A, 8p = ho°. -
Figure 27.— Contlnued. 7z
Figure 27.-- Continued.
Figure 27.~ Continued.
Figure 27.~ Concluded.

Tigure 28.— Effect of the tall and the propelleré on the serodynenmic
characteristics in pitch of -—é‘-g—-scale model of the Martin JRM-l

a.irplaga. Modified outer wing panels, g = 16.37 1b per sq ft,
8 = O .
i
Plgure 20.— Effect of the 12il and the propellers on the aserodynamic
characteristios in pitoh of -él;—scale model of the Martin JRM-1 -
2

airplahgg. Modified outer wing penels. 4q = 16.37 1b per sq ft,
Bo =
£ . . -
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FIGURE 1EGENDS .~ Contlmed

Figure 30.— lateral stabllity derivatives of the %-—scale model of

the Martin JRM-1 airplans, Modified outer wing panels.
g = 4.09 1b/sq £, Bp = 0°

Flgure 3l.— Lateral-stability derivatives of the -éJ-'é-—soale model of
the Martin JEM-1 airplane. Modified outer wing panels,
q = 4.09 Ibfsq £t, Bp = k0%,

Flgure 32.— Effect of the tail on the serodynamlc characteristios
in yaw of %5—:50&16 model of the Martin JEM-1 alrplane. o = 2.5%,
8 = 0°, windmilling propellers, modified outer wing pamsls,

g = 16.37 1b per sq ft.

Figure 32.— Concluded,

Figure 33.~ The effect of the sisbillzer on the aerodynemic charao~—
teristics in plitch of the -23%-— scale model of & long-range flying
boat; JRM-1 tail and modified outer wing panels., Hull model 180.
g = 4,09 1b/sq £+, windmilling propellers. op = 0°.

Figure 3h.— The effect of the stabilizer on the aerodynemlc charac—
teristics in pitch of the %-soale model of & long-renge flying
boat; JEM-1 tail and modified outer wing panels. Hull model 180,
q = 4.09 1b/sq ft, windmilling propellers. &g = LO°.

Figure 35.~ Neutral point varistion with 11f% coefficient for
é’g—-scale model of a long-range flying boat; JRM=1 tall and

modified outer wing panels, Hull model 180. Windmilling
propellers.

Figure 36.~ Iateral stability derivetives of the —%—Baale model of

& long-range flylng boat; JRM=-1 tall and modified outer wing
panels6 Hull model 180. g = k.09 1b/sq £t, propellsrs windmilling.
8 =0

f [ ]

Figure 37.— Iateral stability derivatives of the 515- scale model of

a long-renge flying boat; JRM-1 tall and modified outer wing
renels. Hull model 180. q = 4.09 lb/sqg £t, windmilling
propellers, Be = 40O,
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FIGURE IEGENDS,—~ Conoluded

Figure 38.— Effect of the tail on the amerodynamic charecteristiocs
in yaw of the -21-5—-503.16 model of a long-range £lying hoat;

JEM-1 tail and modified outer wing penels, Hull model 180,
q = 4,09 Ibfeq £t, windmilling propellers, a = 2.5°, 8p = 0°.

Figure 38.—~ Concluded.
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All Dmensions in inches

Fig. 1

Full scale [Wing 36865y #+
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Figure I .- //25 _scale model of fhe Mortin JRM-/ airplane.
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Figure 2 .- System of axes and control-surface hinge moments

and deflections. Foslitive values of forces, moments, and

angles are indicated by arrowa. Posltlive values of tab
ninge roments and deflections are in the same directions
as tne rosltive values for the control surfaces to which
tne tazbs are attached.
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Figure 4.~ Fosition of the [Z25-scale model of Morfm JRM-/
airplane and the ground board in the wind tunnel, =0’
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Figure T .-Comporison of hull lines of original JRM- mode/ (/45,000 /) and
Langley Tank mode! 180 (/65,000 /b ). e5-scala (Dimensions in imches)
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